nucleus suggests potential complications such as corneal endothelial injury, posterior capsule rupture and zonular dyalisis. [1] [2] [3] [4] Presently, phacoemulsification is the ideal technique for the management of cataract because of the rapid wound healing, minimal post-operative induced astigmatism and early visual rehabilitation. 1, 5, 6 This surgical technique and phacoinstrumentation can be safely applied in varying hardness cataract including white mature cataract. Unfortunately, it gives satisfactory result only if it is performed by experienced surgeons. 3, 4 Phacoemulsification of mature cataracts doing by novice surgeon is often accompanied by intraoperative complications. Moreover, the cost of the phaco unit also prevents its use by many surgeons in developing countries.
Therefore, there is a significant interest to perform small incision cataract surgery without phacoemulsification in order to avoid the sometimes difficult and long learning curve of phacoemulsification. Manual techniques were thus developed to achieve benefits similar to phacoemulsification, which enables safe and easy nucleus removal, even by novice surgeons. [6] [7] [8] [9] One of alternative techniques of small incision cataract surgery for mature cataract is phacofragmentation.
Phacofragmentation is a manual fragmentation of nucleus into small pieces for reducing the size of the nucleus. [9] [10] [11] This technique is economical, requires inexpensive and uncomplicated mechanical instrumentation. [6] [7] [8] [9] Although some literatures reported a successful result of manual small incision cataract surgery techniques, a comparative analysis between phacoemulsification and phacofragmentation has not been reported. 4, 8, 12, 13 There is still a question whether phacofragmentation and phacoemulsification in senile white mature cataract will give similar results.
This article presents a comparison of the effectiveness and safety of phacofragmentation and phacoemulsification in white mature cataract.
METHODS

Patients and Study Design
We prospectively evaluated cases of senile white mature cataract patients at dr. Cipto Mangunkusumo Hospital and Dharmais Cataract Project, Jakarta. The inclusion criteria were patients with senile white mature cataract, 50-75 years of age, best corrected visual acuity less than 3 meters finger counting, and no history of diabetes, hypertension, intra ocular inflammation, glaucoma, retinal disease nor intra ocular surgery and ocular injury. The patients were excluded from the study if there was endophthalmitis post-operatively or having posterior segment abnormalities except cystoid macular edema known after follow-up or the patients did not come in postoperative evaluation. The ethic committee approved the study and written informed consents were obtained from all patients. The eyes of the patients included in this study, were randomly assigned to 1 of 2 groups, one group had phaco-fragmentation and another group had phacoemulsification.
Pre-operative Examinations
Pre-operative examinations com-prised a complete ocular examination, uncorrected and corrected visual acuity using Snellen chart. The result of visual acuity was converted into Snellen decimal fraction. Keratometry, ultrasonic corneal pachymetry, laser flaremetry and intra ocular pressure (IOP) using non-contact tonometer were also performed. The pre-operative examinations were performed by an expert (AI).
Surgical technique
All surgeries were performed by one surgeon (IST), who has reasonable experience in both phacofragmentation and phacoemulsifi-cation. All patients were given topical anesthesia with Tetracaine 0.5% (Pantocain ® ) and tropicamide 0.5% (Mydriatyl ® ) to achieve a good dilated pupil, beginning at one hour pre surgery and every 15 minutes until the operation started.
After cleaning the surgical area and separated the eyelid with eye speculum, 2% Lignocaine hydrochloride was injected at the superior conjunctiva. A 6.0 mm fornix-based conjunctival flap was created superiorly, and a half-thickness 6.0 mm frown incision was made 2.5 to 3.0 mm behind the limbus. Then, scleral tunnel was performed with crescent knife. A side entry was made at 10 o'clock continued with injecting air. About 0.1 ml of 0,1 % Trypan Blue solution (Vision Blue ® ) was injected for staining the anterior capsule of the lens, and sodium hyaluronate was then injected to remove the air. After that, a CCC with diameter of 7 mm was made with a bent cystotome.
The anterior chamber was entered through the tunnel with a 3.2 mm keratome followed by hydrodissection in phacoemulsification. The Alcon Universal II was used and posterior chamber phacoemulsification was done using phaco-chop technique. The residual cortex was removed using the irrigation / aspiration (I/A) handpiece. Then, the tunnel was enlarged to 5.5 mm with a crescent knife. A single-piece PMMA posterior chamber IOL was implanted in the bag with the aid of viscoelastic material. After the IOL was centered, the residual viscoelastic material was removed followed by a carbachol (Myostat ® ) injection. The anterior chamber was reformed with Balanced Salt Solution (BSS) and the wound tested for integrity. No sutures were used.
Surgical technique of phacofragmentation, began with perforation through the base of the tunnel into the anterior chamber with a 3.2 mm keratome, followed by the crescent knife to enlarge the internal aspect to 5.5 mm. Hydrodissection was performed by injecting BSS with a cannula. The injection of BSS was continued until the nucleus was completely separated from the lens capsule and cortex, after that the nucleus was luxated into the anterior chamber using the cannula. Once the nucleus was luxated into the anterior chamber, sodium hyaluronate was injected into the surrounding area to fill the anterior chamber, and a small amount of sodium hyaluronate was injected behind the nucleus to hold it in the tilted position. Then, the nucleus was fragmented by placing a cutting board beneath the nucleus, and the nucleus cutter on top of the nucleus. Pressure was created by slowly pressing the nucleus cutter against the cutting board until the nucleus was fragmented into 2 pieces. Additional viscoelastic was injected and the cannula was used to position the first nucleus fragment accessible for removal. Then, the first nucleus fragment was extracted using conjunctival pincers. Additional viscoelastic was used to isolate the second nucleus fragment for further extraction. After the entire nucleus fragments was removed out from the anterior chamber, the residual cortex was aspirated with an I/A cannula. A single-piece PMMA posterior chamber IOL was implanted in the bag with the aid of viscoelastic. After the IOL was centered, the viscoelastic material was aspirated followed by a carbachol (Myostat ® ) injection. The anterior chamber was reformed with BSS and the wound tested for integrity. No sutures were used.
The surgery concluded with a subconjunctival injection of antibiotic and steroid. Then, the eye was instilled with a mixture of dexamethasone, neomycine and polymixine sulfate (Cendo Xitrol ® ) eye drops and continued to instill six times daily for 2 weeks and 4 times daily for the following week.
Post-operative Examinations
Follow-up examinations were scheduled for day 1, 7, 15 and 30 post-operatively. The examinations are similar to pre-operative examinations, i.e. visual acuity without and with correction, IOP, pachymetry and flaremetry. The post-operative examinations were also per-formed by an expert (AI). Surgically Induced Astigmatism (SIA) was calculated using Olsen vector analysis 14 for day 15 and day 30 post-operatively.
The result was used to evaluate the effectiveness and the safety for each technique. Nucleus delivery, UCVA and SIA were the effectiveness parameter and the safety parameter comprised of pupil diameter, corneal thickness and flare value. Complication during surgery and follow-up were also evaluated.
Statistical Analysis
The comparison between the two techniques was analysed with the t test and chi-square test. Statistical analysis of the relationship between the visual acuity, corneal thickness, flare value and IOP was done using Pearson correlation test and regression analysis. Pvalues that are less than 0.05 were considered statistically significan
RESULTS
Thirty-three patients (33 eyes) with senile white mature cataract underwent small incision cataract surgery between April 2001 to August 2001. One patient was excluded from this study, because the patient did not come in follow-up examination. There were 16 eyes in the phacofragmentation group and 16 eyes in the phacoemulsification group. Comparison of pre-operative variable means showed no statistical difference between the two groups, thus both groups were comparable (Table 1) .
This study compared the efficacy and safety between two techniques. One of the safety parameters was the change of pupil diameter, which measured before operation and before IOL implantation. Table 2 shows that there was no significant difference (p>0.05) on pupil diameter pre surgery between two groups, and prior to IOL implantation. If the t test was done within group, it showed that there was no significant difference on phacoemulsification group, however, there was significant difference (p<0.05) on the phacofragmentation group.
The mean of nucleus remove time was significantly higher in the phacoemulsification group (4.38 + 2.51 min) than in phaco-fragmentation group (1.98 + 1.61 min).
Intraoperatively, there were two cases with scleral flap tearing (1 eye on phacofragmentation group and 1 eye on phacoemulsification group) and one case in phacofragmentation group with small capsulorhexis diameter. All cases were caused by poor patient cooperation; so that, the surgeon had difficulties to make scleral flap and capsulorhexis with diameter of 7 mm. Two cases with scleral flap tearing needed one suture, and a relaxing incision was performed in one case with small capsulorhexis diameter. Post-operative IOP comparison between two groups showed that there was no statistical difference for all follow-up schedule ( Figure 4 ).
Pearson correlation and analysis of regression are shown in Table 3 
DISCUSSION
Small incision cataract surgery leads to less induced astigmatism, faster visual rehabilitation and stability from the early post-operative stage. 8 Phacoemulsification has overtaken the large incision extra capsular cataract extraction (ECCE) and multiple suture methods. It is an ideal technique for the management of cataract and being the method of choice for most surgeons. 1, 3, 4 However, it requires expensive instrumentation and has a relatively long learning curve, and in mature cataract cases, it is often accompanied by a high incidence of serious complications. [5] [6] [7] Hence, manual techniques such as mininuc, phacosandwich and phacofrag-mentation techniques, were then developed to achieve benefits similar to the phacomulsification. 6, 8, 11, 12, 15 If ECCE is performed using a small self sealing incision, post-operative visual recovery and stability could rival that of phacoemulsification.
Phacofragmentation is one of the alternative techniques of small incision cataract surgery on mature cataract. The aim of phacofragmentation technique is to reduce the size of a hard and big nucleus in senile mature cataract, thus it can be extracted through a small incision by cutting the nucleus into small pieces. 7, 8, 10, 12, 16 The aim of this study is to compare the safety and the effectiveness of phacofrag-mentation and phacoemulsification techniques. Pre-operatively, both groups were tested to ensure that the groups had no significant difference statistically. The method was to compare each group with respect to age, visual acuity, IOP, corneal thickness and flare value ( Table 1) .
One of the safety parameters during operation is the change of pupil diameter pre surgery and prior to IOL implantation. The result of pupil diameter in the two groups is shown in table 2. It can be seen that there is no significant difference on pupil diameter before operation and before IOL implantation between two groups. Although the t-test within phacoemulsification group shows no significant difference, there is significant change in phacofragmentation group.
It seems that in phacofragmentation technique, there was an excessive nucleus manipulation in the anterior chamber, especially in luxation, cutting and extraction phases, which resulted in a greatest pupil diameter change. 8 This miosis is usually caused by increasing iris manipulation which stimulates the iris and causing an irritation response of the eye ball. It can be also caused by an unstable anterior chamber with multiple collapse and inadequate dilatation before surgery. [17] [18] [19] The pupil diameter change of more than 3 mm is considered to affect the safety of surgery. In this study the difference is less than 3 mm in both groups, so that both techniques are acceptable and safe for mature cataract.
The effectiveness parameter during surgery is nucleus delivery time. The average time to remove the nucleus in the phacoemulsification group (4.38+2.51 min) was significantly longer than in the phaco-fragmentation group (1.98+1.61 min). On phacoemulsification technique, the time to remove the nucleus was dependent on ultrasound energy, vacuum energy and the surgeon skill, while in phacofragmentation technique was only surgeon dependent.
During the surgery, there were 3 complication cases, although there was no serious complications such as posterior capsule rupture, vitreous loss, zonular dialysis or dislocation lens fragment into the vitreous. These cases occurred because of non-cooperative patients, so that the surgeon had difficulties to perform the surgery. Two cases with scleral flap tearing need one suture each on the edge of the scleral flap, because the incision was less water tight. The suture was not expected to increase the SIA value. Another case of small capsulorhexis diameter needs relaxing incision in prolapsing the nucleus into the anterior chamber. There was no sequential complication on the three cases.
The safety and effectiveness parameters during follow-up examinations are corneal thickness and UCVA. This study shows that there is a significant difference in corneal thickness and UCVA on the first post-operative day (Figure 1 and 2) . There was severe corneal edema on phacofragmentation group that decreased the visual acuity.
Corneal edema has been reported as a significant postoperative complication of phacofragmentation technique. Intra ocular manipulation around the nucleus because of the two instruments and difficulties in delivering the nucleus, may have been responsible for the endothelial damage in phacofragmentation technique. 8 In phacoemulsification, the operative factors associated with corneal endothelial injury include nuclear hardness, irrigating solution turbulence, the use of high vacuum, traumatic ultrasonic energy and IOL contact. 8, 20 Matheu et al 21 reported that the endothelial cell loss with phacoemulsification was 7-15% and 11% on phacofragmentation technique. The same result was also reported by Vajpayee et al. 8 The severe corneal edema on phacofragmentation group in this study, could be caused by excessive manipulation in the anterior chamber or difficulties in extracting the nucleus fragment through the small incision. More viscoelastic material was needed in phacofragmentation technique for minimising the damage of corneal endothel, iris and posterior capsule. 8 Hepsen et al 9 reported that the critical step in endothelial safety is the point of fragmentation and minimising endothelial contact by adding the viscoelastic material. He also reported that viscoelastic use and progression in the learning curve can lower the endothelial related complications.
The corneal edema is a common transient postoperative phenomenon resulted from compromised endothelial function after intraocular surgery. However, if corneal edema persists post-operatively, this may reflect irreversible endothelial damage.
The corneal edema on phacofragmentation group was dramatically decreased, so there is no statistically significant difference of UCVA and corneal thickness on the subsequent examinations. The corneal thickness returned to its pre-operative values by one month on both groups. Same results were also reported by Hepsen et al 9 and Singh et al 22 . The decrease of corneal edema may caused by good corneal endothel function which ideally measured by specular microscope. Due to unavailability of the instrument, pachymeter is utilised to evaluate the corneal thickness.
Post-operative inflammatory response after cataract surgery maybe related to such factors as surgical technique, IOL type, previous inflammatory disease and degree of iris pigmentation. And inflammation may induce complications such as corneal edema, IOP spikes, cystoid macular edema and posterior capsule opacification. 23 Anterior segment inflammation causes blood aqueous barrier breakdown and this disruption is clinically detected in the form of aqueous flare, measured by laser-flare meter. 23, 24 The other safety parameter in this study was flare value, which could also affect the post-operative visual acuity. This study shows a highest flare on the first post-operative day, 19.89+14.13 photons-/ms in the phacofragmentation group and 27.09+13.25 photons/ms in the phacoemulsification group. However, comparison of the means shows no statistical difference between the two groups. The low flare readings in the phacofragmentation group were obtained in only 12 patients (75%) because of severe corneal edema or excessive anterior chamber cell activity in the rest of patients. It seems that the difficulty in flare detection was only caused by corneal edema, since the IOP in phacofragmentation group on the first post-operative day was normal (Figure 3 ).
The flare values on both groups decreased on the subsequent follow-ups, with no statistical difference between the two groups. The flare values returned to pre-operative levels by day 15. This result is different from Chee et al 23 who reported, that flare returning to pre-operative levels within 1 month in the phacoemulsification group. Therefore, the excessive manipulation and a lot of viscoelastic material utilisation in phacofragmentation group did not affect post-operative flare values.
Elevated IOP often occurs in the first post-operative day, even in the absence of a history of glaucoma or physical abnormalities on examination. Outflow through the trabecular meshwork may be decreased in the early post-operative period because of inflammatory cells, blood, fibrin, viscoelastic material and lens or iris debris. 17, 24 The incidence of elevated IOP on the first post-operative day has been reported as high as 30% after ECCE and 8% after phacoemulsification, though most cases spontaneously resolve in the first few days. Topical steroids maybe also helpful in suppressing the release of inflammatory cells into the aqueous. 17 This study reveals a relative stable and normal IOP value on both groups for all follow-up schedules, which was indicated by univariate analysis showing no statistical difference between two groups ( Figure  4) . The greater amount of viscoelastic material used in the phacofragmentation group which might increase IOP on the first post-operative day, did not appears in this study. It may be caused by a complete evacuation of viscoelastic material by the surgeon, and the utilisation of cohesive viscoelastic material which may be aspirated easier and completely.
The SIA in both groups was also comparable, and decreased on the next follow-up schedule. The axis component tends into "with the rule" direction on the two groups. Akura et al 20 Statistical analysis demonstrates that the differences of both techniques only occur until the first postoperative day. The differences were in UCVA results which were caused by the change in corneal thickness.
In conclusion, this study shows that both phacofragmentation and phacoemulsification techniques produce indifference results with respect to effectiveness and safety.
Hence, phacofragmentation can be considered as an alternative for mature cataract since it does not have a higher complication rate. The benefits of phacofragmentation can be obtained by using few instruments and relatively cheaper viscoelastic material. So it is less expensive for surgeons who could not acquire costly phacoemulsification equipment. Moreover, phacofragmentation is easier to perform as planned ECCE and can serve as an intermediate step for surgeons who wish to convert to phacoemulsification.
Finally, phacofragmentation is an economical and viable technique that can be recommended as a safe and equivalent alternative to phacoemulsification, particularly in eyes with hard and dense cataracts, as commonly seen in the developing countries.
